Abstract -This paper deals with the cutting MDF, OSB, and plywood boards by abrasive water-jet (GMA Garnet Australian, grain size 80, MESH = 0.188 mm), with a kerf width depending on the material properties and technical parameters (material thickness, cutting direction, abrasive flow, and feed speed). The entry of water-jet cutting in the longitudinal direction produces changes in the material due to lateral leads spreading the width of the cut joints by an average of 0.20 mm for MDF boards, 0.3 mm for OSB boards, and 0.17 mm for plywood. On the exit side of the material, the water has the opposite effect. In relation to the thicknesses of the material, the width of the cut joints increases. The experiment has shown that the optimum value of the feed speed is explicitly 400 mm.min -1 , at which the kerf width reaches the lowest dimensions both at entry and exit, and the abrasive flow of 450 g.min -1 has been shown as optimum.
INTRODUCTION
With the application of the most-used natural resources, water and stone, we can cut almost every material. This makes the method of water-jet cutting (WJC) very efficient. It is a very simple, clean, and reliable technology, and therefore it becomes an alternative to other Test samples were cut according to a basic cutting plan for sample preparation (Figure 1) . Consequently, three cuts were made for each thickness on the samples to eliminate the effect of specific properties of the given sample ( Figure 2 ).
Figure 1. Preparation of test samples Figure 2. The cutting plan of the samples

Water-jet equipment
The methods corresponded to experimental tests presented by Barcík et al. (2009 Barcík et al. ( , 2011b and Kvietková (2011) . Cutting of samples was done by DEMA Ltd. in Zvolen. The equipment was assembled on the base of components from FLOW (USA) by PTV Ltd. (Prague) (Figure 3) . It consisted of a high-pressure pump, PTV 37-60 Compact, and a work table with a water-jet head WJ 20 30 D-1Z supplied by PTV.
The technical parameters of the devices were similar to the research of Barcík et al. (2010a) . The experiments were performed with the following technical parameters for the equipment:  water beam power output: 5kW
Figure 3. Equipment for cutting by water-jet (left), water-jet nozzle (center) and the high-pressure pump (multiplier) (right)
Measurement
This experiment was aimed at investigation of the kerf width, specifically top kerf width and bottom kerf width, which are represented in Figure 4 .  k t -kerf width on the entry side (top kerf width): this kerf width, created by the passing of the abrasive water-jet through the material, was measured on the side where the water-jet goes into the material.  k b -kerf width on the exit side (bottom kerf width): this kerf width, created by the passing of the abrasive water-jet through the material, was measured on the side where the water-jet comes out of material. 
Creation of digital photography
The creation of digital photography, with the kerf width and reference scale, is illustrated in Figure 5 and 
Measuring of kerf width
Measuring the kerf width on the exit of the water-jet process from the material becomes harder due to the rippled surface of cutting edge ( Figure 9 ). For practical use the maximum size of the kerf is important (from the viewpoint of determining the material allowance for possible further work). The kerf width was measured as the distance of the two most remote parallel tangents placed to the cutting edge, while the evaluated cutting-edge length was always 15 mm.
Conversion of relative dimensions
The conversion of relative dimensions was done according to Equation 1:
where k b is the actual width of the kerf [mm] , k p is the relative width of the kerf (the dimension measured by AutoCAD software from the digital picture), a is the actual dimension of the reference scale unit [mm] , and a p is the relative dimension of the reference scale unit (the dimension measured in AutoCAD software from the digital picture) (Figure 7 ). 
MDF Boards
On the basis of multi-factorial variance analysis, the following sequence of significance of examined factors affecting the kerf width was found. The values are presented in Table 1 and Results of the effect of cutting direction on the kerf width are presented in Figure 10 , During the cutting of samples across the basic technology flow we can see that the values of kerf width at entry are 0.10 mm lower compared with longitudinal cutting. The values of the kerf width at the exit of the water-jet from the work piece reach higher values with cross cutting by 0.05 mm than with longitudinal cutting. At the entry of the water-jet into the material, the kerf width was wider than in longitudinal cutting. These results can be explained by the fact that wood and agglomerated materials in this direction are more resistant to penetration by the water-jet. The time the abrasive particles act on the material is prolonged and due to this fact leads to a side effect of the washing-out of the kerf. This resistance depends not only on the mutual connection of the fibers, but also on the strength of the elements themselves, first of all from libriform fibers, whose strength is influenced by the S 2 layer of the secondary wall. The strength and stability also can vary with the shape and slenderness of the fibers. From the viewpoint of uniformity of kerf width, the dimensions of kerf proved more stable on both sides with the cutting along the grain compared with basic technology flow.
Results of the effect of material thickness on the kerf width are presented in Figure 11 , Table 5 and Table 6 . A 0.18 mm increase in kerf width at entry was reached by the change in thickness of material from 22 mm to 44 mm. A 0.9 mm decrease in kerf width was caused by the change of material thickness from 44 mm to 66 mm.
A change in sample thickness from 22 mm to 44 mm caused a 0.15 mm increase in kerf width at the exit and a change in thickness from 44 mm to 66 mm caused increased kerf width of 1.18 mm. The greater the thickness the higher the amount of abrasive particles gathered in the cut, and these particles apart from the primary effect, severing of material, also cause the side effect of widening of the kerf due to the washing-out of material. The increased values of the kerf width in the test samples of higher thickness were significantly influenced by the lag of the water-jet caused by the gradual loss of its kinetic energy.
From this experiment we can see that the optimum material thickness is 22 mm. This thickness caused the lowest kerf-width values in the entry and also in the exit.
Results of the feed speed influence: At entry, the change of the feed speed from 200 mm.min -1 to 400 mm.min -1 caused 3 mm lower values in kerf width. The change of feed speed from 400 mm.min -1 to 600 mm.min
caused an increase in kerf width of 5 mm. At exit, the change in feed speed from 200 mm.min -1 to 400 mm.min -1 caused an increase of kerf width of 6 mm. The change of feed speed from 400 mm.min -1 to 600 mm.min -1 caused an increase of 3 mm.
The experiment has shown that the optimum value of the feed speed is explicitly 400 mm.min -1 , at which the kerf width reaches the lowest dimensions both at entry and exit.
Results of abrasive flow influence on kerf width: With the change of the added amount of abrasive from 250 g.min -1 to 350 g.min -1 , the values of the kerf width increased at entry by 2 mm, and then with an increase of the abrasive amount to 450 g.min -1 they increased by another 2 mm. By changing the added amount of abrasive from 250 g.min -1 to 350 g.min -1 , in the exit of the water-jet process from the worked material, the kerf-width values decreased by 3 mm. With the change of the amount of abrasive from 350 g.min -1 to 450 g.min -1 , the values decreased by 6 mm.
With an increase of the abrasive mass flow up to 450 g.min -1 , the kinetic energy of the particles was consumed by their mutual contact, which created the secondary effect of washing-out of the material at entry and the subsequent narrowing of the kerf width at the exit due to energy loss. However, in comparison with the uniformity of the values at both sides, the value of 450 g.min -1 abrasive mass flow has seemed optimum.
OSB Boards
Cutting of OSB boards was represented by more ripped kerf at entry side in comparison with MDF boards (Figure 12) . The individual values, for this type of material, are presented in Table 7 and Table 8 .
On the basis of multifactorial variance analysis, the following sequence of significance of examined factors affecting the kerf width was found.
Significance of entry factors:
Significance of exit factors: 1. cutting direction 2. feed speed 3. abrasive flow 4. thickness 1. thickness 2. feed speed 3. abrasive flow 4. cutting direction Results of the effect of cutting direction on the kerf width are presented in Figure 13 , Table 9 , and Table 10.
Figure 12. Digital picture of kerf on the OSB verification sample, kerf at the entry of the water-jet into the material (left) and kerf at the exit of the water-jet from the material (right)
Figure 13. Graph of the kerf-width dependence on cutting direction of worked material, at entry (left) and exit (right)
During the cross cutting of samples according to material flow we can see that the values of kerf width at entry were 0.17 mm lower compared with longitudinal cutting. During the cross cutting of samples according to material flow we can see that values of kerf width at exit are 0.029 mm higher compared with longitudinal cutting. Results of the feed speed influence: At the entry of the water-jet, the change of the feed speed from 200 mm.min -1 to 400 mm.min -1 caused 7.1 mm lower values of kerf width. The change of feed speed to 600 mm.min -1 caused lower kerf width by 9.67 mm. At the exit of the water-jet from the material, the change in feed speed from 200 mm.min -1 to 400 mm.min -1 caused decreased kerf width by 5.21 mm, and the increasing of feed speed to 600 mm.min -1 caused an increase of 10.34 mm.
Influence of abrasive flow on kerf width: With the change of the added amount of abrasive from 250 g.min -1 to 350 g.min -1 , the values of the kerf width decreased at entry by 0.16 mm, and then with an increase of the abrasive amount to 450 g.min -1 they increased by 3.71 mm. With the change of the added amount of abrasive from 250 g.min -1 to 370 g.min -1 , the values of the kerf width decreased at exit by 3.31 mm, and then with an increase of the abrasive amount to 450 g.min -1 they decreased by 5.26 mm.
Results of the influence of material thickness on kerf width are presented in Figure 14 , Table 11 and Table 12 .
Figure 14. Graph of the kerf-width dependence on thickness of worked material, at entry (left) and exit (right)
The 0.01 mm decrease in kerf width at entry was reached by the change in thickness of material from 16 mm to 32 mm. The 0.02 mm increase in kerf width was caused by the change of material thickness from 32 mm to 48 mm. The 0.04 mm decrease of kerf width at exit was reached by the change in thickness of material from 16 mm to 32 mm. The 0.64 mm increase of kerf width was caused by the change of material thickness from 32 mm to 48 mm. 
Plywood
Cutting of plywood was different in relation to kerf width because of wider entry kerf (Figure 15 ). The importance of monitored factors influencing kerf width on plywood is presented in Table 13 and The effect of cutting direction on kerf width is presented in Figure 16 , Table 15 and  Table 16 . The values of kerf width at entry were about 0.256 mm lower compared with longitudinal cutting at cross cutting. Values of kerf width at exit are 0.249 mm lower compared with longitudinal cutting.
Results of the feed speed influence: At the entry of the water-jet, the change of the feed speed from 200 mm.min -1 to 400 mm.min -1 caused 3.62 mm lower values of kerf width. The change of feed speed to 600 mm.min -1 caused lower kerf width by 4.09 mm. At the exit of the water-jet from the material, the change in feed speed from 200 mm.min -1 to 400 mm.min -1 caused decreased kerf width by 4.2 mm, and the increasing of feed speed to 600 mm.min -1 caused its decrease by 1.17 mm. Results of the influence of thickness on kerf width are presented in Figure 17 , Table 17 and Table 18 . Results of the influence of thickness: A 0.04 mm decrease in kerf width at entry was caused by the change in thickness of material from 18 mm to 36 mm. A 0.05 mm increase in kerf width was caused by the change of material thickness from 36 mm to 54 mm. A 0.09 mm decrease in kerf width at exit was caused by the change in thickness of material from 18 mm to 36 mm. A 0.4 mm increase in kerf width was caused by the change of material thickness to (Figure 17) . Water-jet cutting is an economical way to cut 2D shapes into a wide range of materials with no tooling costs. The unique process of water-jet cutting provides reasonably good edge quality, no burrs, and usually eliminates the need for secondary finishing processes. The process also generates no heat so the material edge is unaffected and there is no distortion. Water-jet cutting can cut single or multi-layer materials (Rašner et al. 2001) .
It is necessary to take an economic view of the whole process of WJC. It should be compared with other cutting techniques from the point of view of costs and benefits. It must be monitored and costs quantified for WJC assembly and the whole material flow, including fixed costs, variable costs (e.g., energy consumption), and also alternative costs related to other (conventional) methods of cutting. Another necessary parameter is time of production (cutting) which affects total capacity and also productivity of an assembly for the material flow. Last but not least, the economic viewpoint must also consider the amount of waste from the water-jet cutting compared with conventional methods of cutting (Rajnoha -Aláč 2003) .
CONCLUSIONS
The experiments have shown that utilization of the water-jet for cutting agglomerated materials is a suitable method when it is used with the appropriate combination of technical and technological parameters. The most important benefit of this technology is small kerf width compared with other cutting technologies. From the viewpoint of kerf-width equality on both sides of the worked material, we can see more stable dimensions of kerf width with materials cut in the longitudinal direction. From the viewpoint of the technological parameters used, the feed speed of 400 mm.min -1 and the abrasive flow of 450 g.min -1 have been shown to be optimum. With thicknesses exceeding 44 mm, the method becomes less efficient and it's necessary the improvement of material by additional working.
